Since Pavlov first described the phenomenon, classical conditioning has proven to be an extremely useful model in the study of learning and memory. Behaviorally, extinction is evidenced by a decrease in the frequency of the conditioned response (CR) due to the repeated presentation of the conditioned stimulus (CS) in the absence of the unconditioned stimulus (US). It has seemed clear that since Pavlov's (1927) original observations, extinction is not merely the fading away of a memory. The classical phenomena of spontaneous recovery and disinhibition, as well as re-exposure to the reinforcer (Rescorla and Heth 1975; Bouton 1984) , change in context (Bouton and Swartzentruber 1991) , sensitivity to changes in reinforcer value (Rescorla 1995) , and marked savings in reacquisition (Scavio and Thompson 1979; Napier et al. 1992; Macrae and Kehoe 1999) all argue that the originally learned associations are in some manner preserved during extinction training (see also Falls 1998) . The common explanation for these phenomena is that extinction induces new learning that somehow interferes with performance.
This current understanding of extinction has guided neural studies, which have tried to identify possible brain structures that could support this new learning. Likewise, as a form of learning, additional plastic changes, different from those involved in acquisition, may occur in extinction. Whether extinction engages the same brain sites necessary for acquisition is not yet clear.
Classical conditioning of the eyeblink regions in mammals has proven to be a most useful system for analysis of both behavioral and neural aspects of acquisition and retention of learned responses. This review will focus on extinction of basic associative learning using classical conditioning of discrete motor responses as the model. Extinction of other forms of classical conditioning and its neural basis (e.g., fear conditioning) are reviewed elsewhere (see Myers and Davis 2002) and are only mentioned briefly here.
Contemporary theories conceptualize extinction as a form of new learning that results in the inhibition of the original conditioned response. Spontaneous recovery has been consistently observed in a variety of conditioning protocols (see above) (Napier et al. 1992; Bouton 1993; Schreurs 1993) . Bouton (2002) explained this recovery as the effects of ambiguity caused by memory of the excitatory and inhibitory association. Many studies have shown the importance of context specificity in extinction. Likewise, time could provide a form of temporal context to which extinction is highly sensitive. Thus, spontaneous recovery is seen when the CS is tested in a different temporal context and the subject cannot retrieve the memory of extinction. In a series of experiments using appetitive conditioning, Brooks and colleagues (Brooks et al. 1999; Brooks 2000; Brooks and Bowker 2001) confirmed this hypothesis by observing that cues presented during extinction training attenuate spontaneous recovery if presented during the recovery test. This would indicate a failure of retrieval of the inhibitory memory outside of the extinction context, given that delay would result in a new temporal context. In what is referred to as the "renewal effect", the capacity of the CS to evoke responses is renewed after extinction if the context is changed during CS testing, supporting Bouton's hypothesis.
Rapid reacquisition following extinction, noted above, provides strong support for preservation of the original responses. Recent studies on long-term memory of conditioned responses have further shown that reacquisition after long extinction testing intervals (i.e., 1, 2, 3, and 6 mo), is still very rapid, also suggesting that the original memory does not fade away, and is instead, to a great degree, retained (Schreurs 1993 (Schreurs , 1998 . Further proof can be seen in experiments that show a high degree of transfer to a novel CS even after conditioned responses to the original CS have been extinguished (Kehoe et al. 1984) . In other words, acquisition is faster to a novel CS in subjects that have acquired an original CS-US association, an effect that can even be seen after extinction training of the original CS.
Experimental evidence has shown that a CS can enter concurrently into an inhibitory and excitatory association with the same US (Smith and Gormezano 1965; Tait and Saladin 1986; Barnet and Miller 1996; Delamater 1996) . Strong evidence comes from an early experiment by Smith and Gormezano (1965) demonstrating that a single CS can simultaneously support robust conditioning and extinction. In this experiment, rabbits were trained to delay eyeblink conditioning using a tone CS. Following robust acquisition, rabbits received 11 alternating sessions of conditioning and extinction. Although CR expression during conditioning sessions remained robust, responding during CS alone sessions yielded a within-session extinction function that continued to decline across sessions. Also, in an elegant experiment, Tait and Saladin (1986) trained rabbits to a tone CS and a periorbital shock US. They subsequently trained them for lick suppression conditioned responses in a backward-conditioning protocol, in which the US preceded the CS. Backward conditioning is considered a form of inhibitory learning, as it retards acquisition when the pairings are subsequently done in a forward manner (CS-US). They observed that rabbits showed more lick suppression to the tone than control animals, indicating that the CS acted as an excitor. Training was subsequently resumed by switching to a forward-conditioning protocol (CS-US) presenting the same stimuli, but now training for eyeblink-conditioned responses. The animals were found to be retarded in their acquisition of the conditioned response compared with control animals that had not been exposed to backward training, indicating that the CS acted as an inhibitor. These results are important because they suggest that a single CS can simultaneously have inhibitory and excitatory associations with a US.
At a behavioral level, there is thus considerable evidence that extinction training somehow results in inhibition of at least expression of the original learned response. But the term "inhibition" used in this context does not necessarily imply neuronalsynaptic processes of inhibition. It is a behavioral descriptor.
Neuronal Substrates of Extinction
There are at least two key issues in terms of understanding the neuronal bases of extinction of learned responses, for example, (1) identification of the neuronal circuits and mechanisms that result in the new learning in extinction and inhibition of the original learned response, and (2) the loci in the brain where the original associations are still to some significant degree preserved.
The neuronal circuitry essential for classical conditioning of the eyeblink and other discrete responses learned with an aversive unconditioned stimulus has been largely identified, at least for acquisition and retention, and the most likely sites of neuronal plasticity (memory traces) have been, to a degree, localized (Thompson and Krupa 1994; Yeo and Hesslow 1998; Nores et al. 2000; Steinmetz 2000; Woodruff-Pak and Steinmetz 2000; Christian and Thompson 2003) . Consequently, it would seem an ideal system in which to analyze neuronal processes of extinction.
Briefly, in so far as acquisition is concerned, CR pathway exits from the interpositus nucleus ipsilateral to the trained eye via the superior cerebellar peduncle (scp) to the red nucleus, and subsequently, via descending rubral pathways, to the premotor and motor nuclei generating the CR. The CS pathway includes sensory relay nuclei and their projections via the pontine nuclei and other sources as mossy fibers to the cerebellum. The US pathway includes sensory (trigeminal) relays to the inferior olive and from there via climbing fibers to the cerebellum. The unconditioned response (UR) pathway includes both direct and indirect projections from the trigeminal nucleus to the motor nuclei generating the behavioral response, and need not involve the cerebellum.
The strongest evidence for localization of the putative sites of memory storage within this circuit has come from studies using methods of reversible inactivation. A very oversimplified schematic of the circuitry is shown in Figure 1 to illustrate loci that have been reversibly inactivated during acquisition training of the eyeblink response. In brief, reversible inactivation localized to the interpositus nucleus completely prevented acquisition , but inactivation of the output from the interpositus nucleus, the superior peduncle, the red nucleus, and the motor nuclei did not prevent acquisition at all, even though such inactivations completely prevented expression of the CR (see Clark et al. 1992; Krupa et al. 1993 Krupa et al. , 1996 Nordholm et al. 1993; Hardiman et al. 1996) . Collectively, these data clearly show the essential plasticity for eyeblink conditioning to be localized to the cerebellum (for a detailed review, see Christian and Thompson 2003) .
The role of the cerebellar cortex in acquisition is not yet clear. All workers agree that it is extremely important, indeed critical for normal learning, but whether or not it is essential remains controversial (see detailed discussion by Christian and Thompson 2003; see also Yeo 2004) . In brief, two cortical regions have been implicated to play important roles in eyeblink conditioning, Larsell's hemispheric lobule VI (HVI) and the anterior lobe. HVI, the area of the cortex immediately dorsal to the interpositus, has been found to be involved in rate of eyeblink conditioning (Logan 1991) and possibly in maintaining the frequency of CR expression in well-trained animals (Yeo et al. 1984; Hardiman et al. 1988; but, see Woodruff-Pak et al. 1985; Lavond et al. 1987) . Conversely, lesions of the anterior lobe have been found to affect timing and amplitude of the CR (Perret and Mauk 1995; K.S. but, see McCormick and Thompson 1984) .
Several lines of evidence argue strongly for learning-induced processes that develop in the interpositus, as opposed to developing elsewhere and being relayed to the interpositus. Infusion of muscimol localized entirely to the interpositus nucleus completely prevents learning and expression of the CR . Although it is true that this treatment will block Purkinje GABAergic action on nuclear cells, the fact that animals show no savings at all after the inactivation has been removed demonstrates that no part of the memory trace has been formed in cerebellar cortex independent of the interpositus; otherwise, there would be savings. Other than the direct projections from the interpositus to the cerebellar cortex, all normal mossy and climbing fiber projections to the cortex are intact and functional (muscimol does not inactivate fibers). Projections from the interpositus to the cortex, either direct or indirect, would seem to play a key role in establishing plasticity in cortex.
In a recent study, we inactivated the relevant motor nuclei during CS alone extinction training of the conditioned eyeblink response in rabbits (Krupa and Thompson 2003) . Results were very clear. Complete inactivation of the motor nuclei that generate the eyeblink CR and UR during CS alone extinction train- ing, given over 3 or 6 d, completely prevented extinction, measured either by percent CR or CR amplitude. In postinactivation extinction training, extinction performance of the inactivation groups was identical to the initial extinction performance of the saline control groups; there is no savings in extinction (see Fig.  2 ). Consequently, inactivation of the motor nuclei during extinction training completely prevents the occurrence of extinction. Because complete inactivation of these same motor nuclei during acquisition training has no deleterious effect at all on learning of the CR, (Krupa et al. 1996) , these results provide powerful additional evidence that acquisition and extinction processes differ, not only in behavioral properties, but also in neuronal substrates in eyeblink conditioning. Pavlov (1927) , Rescorla (1997) , and others have emphasized the possibility that extinction results in an inhibitory association between a stimulus and a particular response, which would disrupt performance despite the continued presence of the original associations (see, e.g., Rescorla and Wagner 1972) . As Rescorla (1997) notes, one line of evidence favoring this view comes from the correlation between the amount of responding that occurs in extinction and the amount of deterioration that the extinction experience produces. Procedures that reduce responding during extinction reduce performance loss (Holland and Rescorla 1975) , and procedures that augment responding during extinction amplify the loss resulting from nonreinforcement (Rescorla and Skucy 1969; Wagner 1971) . Our finding that inactivation of the motor nuclei prevents extinction would seem to be supportive of this response-extinction hypothesis.
Yeo and associates (Hardiman et al. 1996; Ramnani and Yeo 1996) reported that reversible inactivation of the interpositus nuclear region with muscimol during CS alone extinction training completely prevented extinction (and completely prevented expression of the CR). We have replicated this result using very low doses of muscimol (1 µg in 0.1 µL) infused in the interpositus (Robleto and Thompson 2003) . On the basis of earlier studies (Krupa et al. 1993 ) actions of these very doses do not appear to spread beyond the interpositus. These results would seem to implicate the interpositus in extinction.
The fact that inactivation of the motor nuclei prevented extinction of the CR suggested an alternative interpretation, namely, that inactivation of the interpositus prevents extinction simply because it prevents performance of the CR, consistent with the response-extinction hypothesis.
To further test this hypothesis, we have inactivated with muscimol the region of the red nucleus critical for expression of the CR (K. Robleto and R.F. Thompson, unpubl.) . After having been conditioned to asymptotic levels, animals were presented with seven daily sessions of tone alone presentation. Infusions of muscimol or saline were administered 1 h prior to extinction training and were discontinued after day 4 of training. Using the same low dose of muscimol that we used for interpositus inactivation during CS alone extinction training, these infusions completely prevented performance of the CR. Yet, extinction occurred during red nucleus inactivation! This result is consistent with the fact that red nucleus inactivation does not prevent learning of the CR, but would seem not to support the responseextinction hypothesis. Actually, the red nucleus infusions elicited small, tonic alterations in behavior, such as tilting of the head in a direction contralateral to the infusion site. The presence of these drug-induced behavioral responses could have concurrently activated brain pathways associated with the eyeblink response, resulting in an amount of responding sufficient to produce extinction, as studies on response inhibition have shown (i.e., Rescorla 1997) .
Another possible explanation concerns context. Muscimol inactivation of the relevant motor nuclei on one side results in complete paralysis of the ipsilateral face and head musculature, which could provide a very different context for the animal. In marked contrast, inactivation of the relevant region of the red nucleus simply prevents performance of the eyeblink CR and little else, other than a slight turning of the head; in short, a much less-pronounced change in context. If so, the hippocampus may be involved in the motor nuclei inactivation effect on extinction (see Hippocampus section below).
In sum, these results demonstrate clearly that the neuronal bases of acquisition and extinction differ. Consistent with this view, there is considerable evidence using the conditioned fear paradigm that the neuronal substrates of acquisition and extinction may differ at both systems and molecular levels. In particular, the medial prefrontal cortex (rat) seems to play a more important role in extinction than in acquisition (Morgan et al. 1993; Quirk et al. 2000; Herry and Garcia 2002; Milad and Quirk 2002; but, see Gewirtz et al. 1997; R. Garcia et al. 1999 ). It appears that L-type voltage-gated calcium channels are required for extinction but not for acquisition or expression of conditioned fear to context of cue (Cain et al. 2002) . It also appears that although NMDA receptors in the amygdala may be necessary for acquisition and long-term extinction (Falls et al. 1992; Lee and Kim 1998) , they may not be necessary for short-term extinction (systemic administration; Santini et al. 2001) . Finally, although protein synthesis in the amygdala is necessary for acquisition of conditioned fear to both context and cue stimuli (Bailey et al. 1999) , it does not appear necessary for extinction of fear to context, at least with systemic injections of an inhibitor (Lattal and Abel 2001) .
The Inferior Olive-Climbing Fiber Reinforcement System
Several lines of evidence support the view that the inferior olive (IO), and its climbing fiber projections to the cerebellum, serve as the essential reinforcement system for motor learning (Albus 1971; Eccles 1977; Ito 1982; Thompson 1989 ) region . The critical region of the IO for eyeblink conditioning is the dorsal accessory olive (DAO), which receives predominately somatosensory input relayed from the spinal cord and appropriate cranial nuclei, including noceptive input (Brodal and Brodal 1981) . 
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www.learnmem.org At the beginning of training, the onset of the US evokes short latency unit responses by neurons in the face region of the DAO. Over the course of training, this evoked unit response gradually disappears in inverse correlation with the development of behavioral CRs (Sears and Steinmetz 1991) . Lesions of the critical region of the inferior olive, the face representation in the DAO, completely prevent learning if made before training, and result in extinction of the CR with continued paired training made after training (McCormick et al. 1985; Voneida et al. 1990 , limb flexion in cat; Mintz et al. 1994) . Neurons in this critical DAO region do not respond to auditory stimuli (CS), respond only to US onset, and show no learning-related activity. Electrical microstimulation of this region serves as a very effective US (Mauk et al. 1986; Steinmetz et al. 1989 ). Whatever response is elicited by stimulation of the IO-climbing fibers is easily learned to any neutral stimulus.
Immediate abolition of the CR has been observed in large IO lesion and inactivation studies (Yeo et al. 1986 ; Welsh and Harvey 1998), perhaps partially due to significant increases in Purkinje cell simple spike activity (Montarolo et al. 1982; Savio and Tempia 1985) . Increased inhibition of Purkinje cells to the IP would prevent CR expression, which depends on sufficiently high-activity levels in the nuclei in order to occur.
The interpositus nucleus sends direct GABAergic projections to the DAO (Nelson et al. 1989) . Hence, as learning-induced increases in interpositus neuron activity develop, inhibition of the DAO neurons will increase (Hesslow and Ivarsson 1996) . This accounts for the fact that US-evoked activity in the DAO decreases as learning develops, consistent with the Rescorla and Wagner (1972) formulation. This also appears to serve as a part of the neural circuit essential for the behavioral learning phenomenon of blocking, where prior training to one CS, for example, tone, prevents subsequent learning to a light CS when it is then presented together with the tone in paired compound stimulus training (Kamin 1969) . Infusion of picrotoxin in the DAO to block the GABA inhibition from the interpositus during compound stimulus training completely blocks the development of behavioral blocking . In other words, blocking interpositus inhibition of the IO greatly facilitates new learning.
In the context of extinction, preventing US activation of the IO-climbing fiber system by IO lesions results in extinction, even in the presence of continued CS-US paired training, whereas blocking inhibition of the IO greatly facilitates learning and would be expected to counteract normal CS alone extinction training. Both of these effects have been replicated and extended in important studies by Mauk and associates. Medina et al. (2002) examined the role of inhibitory and excitatory inputs to the climbing fibers in extinction by administering infusions of picrotoxin, a GABA A antagonist, and the AMPA receptor antagonist NBQX. It was found that infusions of picrotoxin to block inhibitory transmission from the interpositus to the IO prevented the extinction of CR's. Conversely, infusions of NBQX (which block excitatory input to climbing fibers) during paired CS-US presentation resulted in a gradual disappearance of CR's that was not different from extinction behavior observed during tone-alone presentations under normal conditions or with paired training following lesions of the DAO.
These studies indicate that changes in activity of the IO greatly contribute to the acquisition and extinction of the conditioned response. In extinction, IP inhibition would promote IO activity decreases below baseline levels, considering that the omission of the US would cease to excite climbing fibers. The strong IP inhibitory output that results during performance of the conditioned response without a US would then cause IO activity to decrease signaling changes that would ultimately allow extinction to occur. All of these results argue that the IOclimbing fiber system is the critical reinforcing or teaching system for motor learning, and that it plays a key role in extinction.
The Locus of Preserved Memories
A fundamental question concerning brain substrates of extinction is the locus or loci of the preserved memory. Current evidence would seem to suggest either the cerebellar cortex, the interpositus nucleus, or both as candidates. Gould and Steinmetz (1996) reported that multiunit activity in the interpositus correlated closely with the behavioral CR over both acquisition and extinction, showing complete absence of increased activity when the CR was fully extinguished. In contrast, multiunit activity in cerebellar cortex increased over acquisition, but did not decrease much during extinction of the CR. Although several different patterns of responses were seen for identified single Purkinje neurons, some 13 Purkinje cells showed increased responses over training and did not decrease over extinction. Such increased Purkinje neuron activity could promote inhibition of interpositus activity in extinction. Perrett and Mauk (1995) reported that lesions of the anterior lobe of cerebellar cortex in well-trained animals prevented extinction of the behavioral CR. They separated two groups of such lesioned animals on the basis of response timing. Short latency CR animals did not show extinction, but normal latency CR animals did. More recently, K.S. reported that anterior lobe-lesioned animals that displayed short-latency CRs showed no evidence at all of extinction in terms of frequency of CRs or amplitudes over 15 d of extinction training. However, there was no significant difference in percent or frequency of CRs between these animals and a control group with lobule HVI lesions. The control lesion animals did show significant extinction in terms of response amplitude, but the anterior lesion animals did not. In an earlier study, lesions of HVI, although retarding acquisition somewhat, had no effect on rate of extinction, which occurred over several days in both lesion and control animals (Weiss et al. 1991) . However, in the K.S. study, the CR amplitudes of the anterior-lesioned animals were extremely low, perhaps a basement effect, whereby the already lowamplitude responses cannot be reduced any further, and therefore, no extinction can be observed. Medina et al. (2001) reported that picrotoxin infusion in the interpositus nucleus revealed short latency CRs during training, and also revealed the presence of such short latency CRs after 45 d of extinction training, when no CRs occurred in the absence of picrotoxin, suggesting that the memory is preserved to some degree in the interpositus nucleus. However, they did not give untrained animals 45 d of tone-alone exposures to control for nonassociative effects. This is critically important, as it has recently been shown that infusion of picrotoxin in the interpositus nucleus can result in the performance of short-latency 95 dB tone-evoked eyeblink responses in untrained animals (Poulos et al. 2003) . It is also the case that if the memory is indeed preserved in the interpositus nucleus, then unit recordings there should reveal some trace of it, and they do not (Gould and Steinmetz 1996) . But it is always possible that the residual memory trace following extinction is below threshold for increased probability of action potentials.
We used the Purkinje cell-deficient (pcd) mice to explore the essential role of the cerebellar cortex in acquisition and extinction of the conditioned eyeblink responses. In this mutant, cerebellar development proceeds normally until about 2 wk after birth, at which time all Purkinje neurons in the cerebellar cortex die. Hence, the cerebellar cortex becomes completely nonfunctional. These animals show a slower rate of acquisition and reach a lower asymptotic of CR performance, but do show very sub-stantial and highly significant learning of the eyeblink CR (Chen et al. 1996) . However, if the interpositus nucleus is lesioned in these mutants prior to training, they are completely unable to learn the eyeblink CR, arguing that the learning occurs in the interpositus nucleus (Chen et al. 1999) . These results seem to contradict other cerebellar cortical studies (i.e., Perret and Mauk 1995) . Such conflicting results are more likely due to a variability in the lesions. Complete removal of the cortex is extremely difficult, and such large lesions likely result in damage to the deep nuclei.
Using a different methodological approach, these studies of the pcd mouse argue strongly that the cerebellar cortex is not essential for acquisition of the eyeblink CR, although it is clearly necessary for normal learning. Importantly, after learning the eyeblink CR, pcd mice show normal, rapid extinction of the CR, arguing that the cortex is not essential for extinction either. However, this does not rule out the possibility suggested by Gould and Steinmetz (1996) that a memory trace remains in the cerebellar cortex after extinction of the CR. The critical test would be to retrain the pcd animals after extinction. If they showed no savings in reacquisition over initial acquisition, it would support their view.
Context, the Hippocampus, and Extinction
Although the hippocampus does not appear to play a critical role in standard delay eyeblink conditioning, it does play a key role in trace conditioning, where a period of no stimulation intervenes between CS offset and US onset. Specifically, hippocampal lesions made prior to training essentially prevent subsequent learning (anterograde amnesia) (Solomon et al. 1986; Moyer Jr. et al. 1990) . If the lesions are made immediately after training, trace, but not delay CRs are abolished. However, if the lesions are made a month after training, the trace CR is not impaired at all (timelimited retrograde amnesia; Kim et al. 1995) . These are, of course, the hallmarks of medial temporal lobe-hippocampal lesion impairment of declarative memories in humans (Squire 1987) . One possible explanation of the key role of the hippocampus in trace conditioning concerns context. Perhaps the hippocampus somehow codes the context in order to bridge the gap between CS and US. Penick and Solomon (1991) showed that the hippocampus appears to code context in eyeblink conditioning. After partial training, animals were given continued training in the same or different context. Context shift impaired CR performance in normal rabbits, but did not impair performance at all in hippocampal-lesioned animals. In fear conditioning, hippocampal lesions prevent learned fear to context but not to tone cue (Kim and Fanselow 1992) .
Several studies indicate that CS alone extinction is markedly impaired by lesions of the hippocampus, regardless of whether CRs were established with delay or trace-conditioning procedures. Schmaltz and Theios (1972) demonstrated that bilateral hippocampal lesions made prior to delay conditioning were associated with a higher level of CR expression through much of extinction training than cortical-lesioned control animals. More recently, Akase et al. (1989) trained eyeblink conditioning using the standard delay procedure in hippocampectomized rabbits. In well-trained animals, there was essentially no extinction in a subsequent CS alone training session.
Even more dramatic, Moyer Jr. et al. (1990) showed that hippocampal-lesioned rabbits given short interval (300 msec) trace conditioning learned normally, but showed no evidence of extinction over three sessions, in contrast to sham and neocortical control lesions, which showed normal extinction.
There is growing evidence that contextual cues other than the CS can exert control of the CR in extinction. Frohardt et al. (2000) have demonstrated in Pavlovian fear conditioning that following extinction, presentation of the US alone reinstates the CR to the CS. However, if the postextinction presentation of the US occurs in a different context, reinstatement of the CR does not occur. Along similar lines, if the context in which CR acquisition occurs is followed by extinction in a second context, return to the original context will renew the expression of the CR to the once extinguished tone. Interestingly, lesions of the hippocampus specifically disrupt CR reinstatement, while resulting in no discernable effects on CR renewal. There is recent evidence that prolonged exposure to the training context can result in extinction-like reductions of conditioned eyeblink responses (E.J. Kehoe, pers. comm.) . In these studies, rabbits were trained to both tone and light CSs and then exposed solely to the training context for 6 d. The following day, animals were presented with either CS alone and showed virtually no CRs over the course of 4 d. Subsequent CS-US reacquisition yielded CRs at a rate similar to tone alone extinction controls. Such results demonstrating that context exposure produces reductions in previously learned behaviors have been previously reported in cued avoidance and lick-suppression tasks (Gabriel 1970; Marlin 1981) . However, to date, experiments examining hippocampal involvement in this context-dependent phenomenon have yet to be carried out.
The NMDA Receptor
The NMDA receptor, a widely distributed site of glutamate binding commonly investigated in the hippocampus, has been more recently implicated in extinction of conditioned eyeblink responses. Scavio et al. (1992) reported that posttraining intravenous injections of amphetamine, chlorpromazine, and scopolamine, which retarded CR acquisition, had no effect on extinction, whereas the NMDA receptor antagonist ketamine accelerated acquisition and decreased the rate of extinction. Kehoe et al. (1996) further elaborated the involvement of NMDA receptors by demonstrating that pretraining injections of MK-801 completely prevent eyeblink extinction (but, see Takatsuki et al. 2001) . Rabbits were administered MK-801 or saline prior to 6 d of extinction, during which MK-801-treated animals expressed virtually no CRs. However, when MK-801 administration was suspended, CRs reappeared immediately and showed no evidence of the previous extinction treatment. In contrast, Thompson and Disterhoft (1997) showed that injections of high doses of MK-801 or another NMDA receptor antagonist phencyclidine failed to effect the expression of trace or delay CRs, yet completely prevented extinction.
These studies suggest NMDA receptors play some role in extinction of conditioned eyeblink responses. There is an abundance of literature indicating that NMDA receptors are involved in the acquisition and retention of a number of learning tasks, including eyeblink conditioning. Chen and Steinmetz (2000) showed that cerebellar infusions of NMDA receptor antagonist AP5 into the interpositus nucleus severely attenuate the acquisition of conditioned eyeblink responses. As for eyeblink extinction, relevant substances have only been administered systemically, so it is not possible to localize their effects on brain structures.
Conclusion
The collective behavioral evidence presented here strongly suggests that extinction of classically conditioned discrete motor responses involves the learning of a new inhibitory association while maintaining the original excitatory association. Further, the results from neuronal studies demonstrate that the brain sub-
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Both the cerebellar cortex and the interpositus nucleus have been implicated in preserving the memory of the eyeblink CR following extinction training, but the jury is still out. In terms of putative mechanisms, cerebellar cortical LTD and LTP at parallelfiber Purkinje neuron dendrites are certainly candidates (Ito 1984) , particularly as LTD is postsynaptic and LTP is presynaptic at these synapses. Linden and associates have identified a number of possible sites of synaptic and nonsynaptic plasticity in cerebellar cortex and nuclei that could subserve acquisition (and its maintenance in extinction), on the basis of studies of cerebellar tissue culture and slice (Hansel et al. 2001 ). The dramatic demonstration by Kleim et al. (2002) of a selective increase in excitatory synapses in the interpositus nucleus following eyeblink conditioning raises the possibility that some degree of preservation of this increase could serve to maintain the memory in extinction. It will be critically important to determine this. However, the possibility that the hippocampus may play a key role in extinction of the conditioned eyeblink response must also be explored further.
